Background/Objectives: To objectively measure rates of breast-feeding to infants born in a baby-friendly hospital in Bangalore, India, and to capture home-based compliance to exclusive breastfeeding (EBF). Subjects/Methods: Breast-milk (BM) and non-breast-milk (NBM) water intake were assessed in 50 mother-infant pairs using a deuterium dilution technique at months 1, 3 and 6. Results: Complementary feeding (CF) was introduced as early as 1 month among 44% of the infants, and only 14.2% remained as exclusively breastfed by month 6. Intake of BM significantly declined from 166 to 87 ml/kg/day and NBM significantly increased from 23 to 51 ml/kg/day from month 1-6 (Po0.01). There was a significant negative correlation between BM and NBM at months 3 (r ¼ À0.59, Po0.001) and 6 (r ¼ À0.61, Po0.001). The most common barrier to EBF was 'a persistently crying infant'. BM intake significantly correlated with weight for age (WAZ; month 1: r ¼ 0.56, Po0.001; month 3: r ¼ 0.60, Po0.001) and weight for height (WHZ; month 1: r ¼ 0.59, Po0.001; month 3: r ¼ 0.57, Po0.001). NBM intake showed a significant negative correlation with WHZ (r ¼ À0.33, P ¼ 0.02) at month 3 and correlated positively with WAZ (r ¼ 0.37, P ¼ 0.01) and height for age (r ¼ 0.30, P ¼ 0.03) at month 6.
Introduction
The WHO recommends exclusive breastfeeding (EBF) until 6 months of age with the introduction of complementary foods thereafter, and continued breastfeeding until 2 years of age (Kramer and Kakuma, 2004) . Despite this recommendation, the rates and duration of EBF are still low and unsatisfactory, and o35% of all infants worldwide are exclusively breastfed for at least 4 months (Heinig, 2004) . In many societies, infants o6 months receive water, tea and juices (Labbok and Krasovec, 1990 ) in addition to breast milk (BM). Demographic and health surveys carried out in the Bangladesh and the Nepal report the prevalence of EBF among infants under 6 months of age to be as low as 42.5% and 53.1%, respectively (Mihrshahi et al., 2010; Pandey et al., 2010) . Reports from the National Family Health Survey of India (Patel et al., 2010) indicate that only 46.4% of the infants o6 months and 58.3% of infants o4 months of age are exclusively breastfed. EBF up to 6 months of age and continued breastfeeding up to 12 months has been ranked the most effective child survival intervention for preventing under-five mortality (Jones et al., 2003) .
The Baby-Friendly Hospital initiative has been associated with a statistically significant annual increase in rates of EBF among infants o2 and 6 months in 14 developing countries (Abrahams and Labbok, 2009 ). An Indian study has shown that when breastfeeding was initiated early, prelacteal feeds were less common and the intake of supplementary feeds like milk and fluids during the hospital stay was significantly lower in baby-friendly hospitals (Breastfeeding Promotion Network of India, 2000) . However, the actual volumes of BM and non-breast-milk (NBM) water intakes (indicating liquids or solids introduced other than BM) of infants born in these settings have not been studied at home, to confirm whether these practices were continued by mothers.
This study was therefore designed to capture the compliance to EBF at home in the first 6 months of life, and the barriers to successful breastfeeding, in an urban setting where breastfeeding counseling is a routine practice in the hospitals. A prospective observational study among pregnant women in the last trimester of pregnancy and their infants until 6 months of postnatal life was conducted to assess intakes of BM and NBM water at 1, 3 and 6 months of age using deuterium dilution and a compartmental analysis method (IAEA, 2010) , and to assess their role in supporting infant growth.
Materials and methods

Study setting and population
The present study was a prospective observational study of infants from birth to 6 months of age, in St John's Medical College Hospital, Bangalore, India, which is a baby-friendly tertiary care urban hospital drawing patients of diverse socioeconomic status, from urban slums to high income residential areas. The Institutional Ethical Review Board at St John's Medical College Hospital approved all study procedures, and a signed informed consent was obtained from each study subject at enrollment.
Study population
Pregnant women aged 18-40 years, who planned to exclusively breastfeed their infants until 6 months of age, and who were in the last trimester of pregnancy, were invited to participate in the study. Women with multiple pregnancies and any illness were excluded. Of 65 women who consented to be part of the study, 58 were recruited into the study. During the study, eight mother-infant pairs were lost to follow-up such that 50 mothers and their infants completed the study successfully. Information on sociodemograpy at baseline, and anthropometric data in the last trimester of pregnancy and postpartum were collected. A single 24-h dietary recall from the mother, of the infant's solid or liquid intake on a typical day of the week during the deuterium study, was captured at 1, 3 and 6 months. In addition, maternal and infant morbidity details were collected, while BM and NBM water intakes were assessed for the mother-infant pairs at 1, 3 and 6 months.
Sociodemographic and anthropometric information
Information on age, education, parity, occupation, income and obstetric history was obtained. A digital balance (Soehnle, Murrhardt, Germany) was used to record the weights of all mothers to the nearest 100 g, and height was measured to the nearest 0.1 cm. The nude weight of the infant was measured using a portable pediatric weighing scale (accurate to 100 g, Salters, Kent, UK), within 48 h of birth. Weights at the following months were measured on the days fixed for appointment when each child would attain 1, 3 and 6 months of age. Infant length was measured using an infantometer (locally constructed) to the nearest 0.1 cm. Mid upper-arm circumference was measured to the nearest 0.1 cm using a plastic measuring tape. Head circumference was measured at a level passing from supraorbital protuberance anteriorly and occipital protuberance posteriorly using a non-elastic accurately scaled standard tape to the nearest 0.1 cm. All anthropometric measurements within 48 h of birth and at months 1, 3 and 6 of infant age were done by a trained research assistant in duplicates and the mean was recorded. Infant weight for height (WHZ), height for age (HAZ), weight for age (WAZ) and head circumference for age (HCZ) were calculated and presented as deviations in Z-scores (standard deviation) from the WHO reference population mean value for age and sex (World Health Organization, 2006) . BM and NBM oral intakes BM and NBM water intake was measured using the 'dose-tothe mother' deuterium-oxide turnover technique at infant age of 1, 3 and 6 months (IAEA, 2010) . A baseline sample of 2 ml of saliva from the mother and infant were collected on day 0, after which the mother received an oral dose of 30 g 2 H 2 O. The dose was measured to the nearest 0.01 g. Saliva samples from the mother (days 1, 2, 13 and 14) and from the infant (days 1, 2, 3, 4, 13 and 14) were then collected over a period of 14 days. Adsorbant sorbettes (Salimetrics, Suffolk, UK) were used to collect saliva samples (2 ml), which were centrifuged at 3500 r.p.m., and stored at À20 1C for subsequent analysis of their 2 H enrichment, using Fourier Transformed Infrared Spectrophotometry (IAEA, 2010) . The BM and NBM water intake by isotopic method was not available for two mother-infants pairs at month 3 and one mother-infant pair at month 6. The weight of the infant was recorded on day 0 and day 14. Intake of BM and water from NBM sources was calculated by fitting the isotopic enrichment data to a mathematical model for water turnover in the mother-infant pair and the transfer of water from mother to the baby, based on assumptions as described earlier (IAEA, 2010 ). An infant was considered to be exclusively breastfed by the deuterium dilution method if the NBM water intake was 0 ml/day, and by the 24-h dietary recall method, if the mother reported that she was not feeding her infant any solid/liquid food or water other than BM.
Dietary intake and morbidity details
A single 24-h dietary recall from the mother, of the infant's solid or liquid intake (if any) on a typical day of the week during the deuterium study, was captured at months 1, 3 and 6 of infant age. Infant intake of tonics and vitamin/mineral supplements was also recorded. Maternal and infant morbidity symptom data (for diarrhea, dysentery, upper respiratory illness and fever) were collected by maternal recall at months 1, 3 and 6. The proportion of infants with any particular illness was calculated.
Statistical analysis
Statistical analyses were carried out with SPSS (version 16.0, SPSS, Chicago, IL, USA). Data are expressed as means and standard deviations. The maternal body weight and infant WAZ, HAZ, WHZ and HCZ were compared between delivery/ birth and postpartum months 1, 3 and 6 using repeated measures analysis of variance and post hoc pair wise comparisons were performed by paired t-test using Bonferroni adjustment. Only valid infant standardized values were considered for the analysis. The weight of the infant was compared with the 50th percentile value for WHO age-and gender-specific standard population by t-test for single mean. The comparison of BM and NBM water intake at months 1, 3 and 6 were done using repeated measures analysis of variance. The proportion of infants who were exclusively breastfed as well as those who were given oral water other than BM based on the deuterium dilution method and those who were given liquids and solids other than BM based on the 24-h dietary recall method were calculated. The 95% confidence intervals were also computed. Pearson's correlations were performed to examine associations between BM and NBM water intake of the infant and WAZ, WHZ, HAZ and HCZ at different time points. The level of significance was set at 0.05.
Results
Maternal baseline characteristics
The study mothers were on average 23.0±2.9 years old, and B76% were primiparous. All of the women had attained some level of education at school level or beyond. The women were not from a lower socioeconomic group as indicated by their median monthly household income of 9000 INR. Maternal employment status and gestational age at delivery are detailed in Table 1 . Table 2 represents the maternal and infant anthropometric measurements. The maternal body weight at delivery was significantly different from the body weights at postpartum months 1, 3 and 6 (all Po0.001). However, the weights at months 1, 3 and 6 were not different from each other. The body weights of the infants were significantly different (Po0.05) in comparison with WHO standards throughout the early postnatal period of 6 months for boys and from birth to month 3 for girls. There was a significant decline in the HAZ (P ¼ 0.001) and HCZ (Po0.001) among the infants from birth to 6 months of age. However, the WHZ significantly increased (Po0.001) from birth to month 6. At 6 months of age, 20% of the infants were underweight (WAZoÀ2s.d.). Stunting (HAZoÀ2 s.d.) increased from 2% at month 1 to 16% at month 6.
Mother and infant anthropometric measurements
Infant BM and NBM water intake
The BM and NBM water intake of the infants have been detailed in Table 3 . Intake of BM significantly declined from 166 to 87 ml/kg/day and NBM significantly increased from 23 to 51 ml/kg/day from month 1 to 6 (Po0.01). Figure 1 shows that there was a significant negative correlation between BM and NBM water at months 3 (r ¼ À0.59, Po0.001) and 6 (r ¼ À0.61, Po0.001) indicating that liquid and solid foods introduced by the mothers displaced BM. There was a considerable discrepancy between reported EBF practices and what was measured by the isotopic measurements. None of the mothers reported having started introducing complementary feeding (CF) at month 1, however, the isotopic method showed that 44% of the babies had received oral water (and presumably accompanying foods) and only 56% were exclusively breastfeeding even as early as month 1. At month 3, only 10% of the mothers reported having introduced CF, whereas data from the isotopic method showed that 77% of the babies had received oral water. By month 6, only 14.2% of infants were being exclusively breastfed based on isotopic data; however, the dietary recall method showed that 36% of the infants were exclusively breastfed.
In the few women who reported having introduced CF at 3 months of age, commercial cereal formula, cow's milk and malted finger millet preparations were commonly used. Exclusive breastfeeding in a baby-friendly hospital TM Samuel et al
The commonly introduced foods by 6 months of age were commercial milk formula, commercial cereal formula, cow's milk, biscuits, mixed grain porridges and traditional Indian breakfast foods such as steamed rice and lentil cakes. At 6 months, the common barriers to EBF were a crying infant, with the assumption that this was due to inadequate milk (75%), 'working outside the home' (11%) and 'advice by elders in the family' (14%). Table 4 shows the correlation between BM and NBM water intakes and WAZ, HAZ, WHZ and HCZ. BM intake significantly correlated with WAZ (month 1: r ¼ 0.56, Po0.001; month 3: r ¼ 0.60, Po0.001) and WHZ (month 1: r ¼ 0.59, Po0.001; month 3: r ¼ 0.58, Po0.001) at months 1 and 3. NBM intake showed a significant negative correlation with WHZ (r ¼ À0.33, P ¼ 0.02) at month 3 and correlated positively with WAZ (r ¼ 0.37, P ¼ 0.01) and HAZ (r ¼ 0.30, P ¼ 0.03) at month 6. There were no differences in the minor symptomatic illnesses reported between EBF and non-EBF infants, and none of the infants received any vitamin/ mineral supplements or tonics during the study period.
BM and NBM water intake in relation to infant growth
Discussion
The principal finding of the present study is the low intake of BM and early introduction of CF in infants born to mothers in a baby-friendly hospital, where counseling for Breast-milk intake (ml/day)
Non-breast-milk water intake (ml/day) a 83 ± 115 (n ¼ 50) 160 ± 147 (n ¼ 48) 389 ± 455 (n ¼ 49) Non-breast-milk water intake (ml/kg/day) 2.7 ± 0.5 (n ¼ 50) 3.8 ± 0.6 (n ¼ 50) 5.6 ± 0.8 (n ¼ 48) 7.2 ± 1.0 (n ¼ 50) Body length (cm) 49.6 ± 1.7 (n ¼ 48) 53.2 ± 2.4 (n ¼ 49) 60.8 ± 2.8 (n ¼ 47) 65.8 ± 2.7 (n ¼ 50) MUAC (cm) 10.2±2.6 (n ¼ 48) 10.7±0.9 (n ¼ 50) 12.8±0.9 (n ¼ 48) 13.6±1.1 (n ¼ 50)
11 (22) 8 (16) 13 (26) 10 ( (40) 15 (30) 13 (26) (2) 7 (14) 6 (12) 8 (16) Abbreviations: BMI, body mass index; HAZ, height for age Z score; HC, head circumference; HCZ, head circumference for age Z score; MUAC, mid upper-arm circumference; WAZ, weight for age Z score; WHZ, weight for height Z score. Exclusive breastfeeding in a baby-friendly hospital TM Samuel et al breastfeeding is the norm. The results of our study indicate that over the period of 6 months there was a significant decline in the weight-specific BM intake of the infant and a proportional increase in NBM water intake. BM intake among our infants was lower than those reported by others using test weighing method (Coulibaly et al., 2004; Islam et al., 2008) and 'dose to mother' deuterium dilution method (Galpin et al., 2007; Moore et al., 2007) . Our urban findings are in contrast to the most recent findings of the pooled analysis of data across five continents, which reported the human milk intake to remain 4800 ml/day until 6-7 months of age among infants from rural areas (Da Costa et al., 2010) . The only Asian country included in this pooled analyses was Bangladesh, which reported a higher mean BM intake of 863 ml/day among all infants (n ¼ 94) from rural Bangladesh at 2-3 months of age and 883 ml/day among exclusively breastfed infants (n ¼ 73; Moore et al., 2007) .
We studied those mothers who had assured us that they would exclusively breastfeed their infants until 6 months of age. However, data from the isotopic method showed that more than half of the mothers were not exclusively breastfeeding. This is similar to community studies in rural North India, based on questionnaires, which have shown that only 30 and 10% of the women exclusively breastfed their infants by 4 and 6 months of age, respectively. This may have been due to the lack of breast-feeding counseling, as this lack has been shown to be significantly associated with decreased rates of EBF (Kishore et al., 2008) . However, in this urban sample, intensive breast-feeding counseling was performed for each mother while at the hospital, and education, parity and income were not related to the early introduction of CF.
Based on interviews with the mother, the primary reason for the early introduction of CF was a crying infant, perceived by her to be due to insufficient BM. In addition, having to report back to her job, advice by elders in the family and the perceptions of the mother herself were key reasons for early introduction of CF. All the mothers reported having received counseling during pregnancy and immediately after giving birth. However, back at home, they found it difficult to follow the counseling advice they had been given. It may be that the effectiveness of counseling sessions in bringing about desirable improvement in lactation needs consideration. To emphasize this, for example, no significant differences in maternal plans to breastfeed exclusively were observed in baby-friendly versus non-baby-friendly hospitals (Breastfeeding Promotion Network of India, 2000) , and this was attributed to the lack of intensive counseling during the antenatal, perinatal and postnatal period. Therefore, it is possible that they are not motivated enough. It is also possible that mothers are more influenced by elders in their family who have different perceptions, or that they lack confidence in their ability to breastfeed. In this complex sociological setting, a meta-analysis of qualitative studies in developed countries on breastfeeding rates has revealed that Figure 1 Association between intake of BM and NBM water at 3 and 6 months. Open circles represent the association between BM intake and NBM water intake at month 3 (n ¼ 48, Pearson's correlation coefficient, r ¼ À0.587, Po0.001) and the closed circles represent the association between BM intake and NBM intake at month 6 (n ¼ 49, r ¼ À0.608, Po0.001).
mothers tended to rate social support as more important than health service support (Mclnnes and Chambers, 2008) . Overcoming barriers to breastfeeding probably requires designing of community-oriented approaches that extend beyond the hospital settings and encourage not only women to exclusively breastfeed until 6 months of age but also target the elders in the family who are likely to influence the decision-making process. There may also be gaps in the existing practices followed in the pediatric outpatient departments, wherein little importance is given to breastfeeding counseling during the follow-up visits to the hospital. Therefore, subsequent follow-up visits made by the mother to the hospital for infant immunizations and growth monitoring should be considered as critical points of interaction of the mother with the health practitioner where the importance of EBF is reiterated. The use of mobile phone technology may be another innovative means of keeping in touch with newly delivered mothers to improve their compliance to EBF.
Growth is a good indicator against which lactation performance can be judged (Alam et al., 2003) . Infants born to mothers in this study were shorter and thinner at birth and throughout the postnatal period of 6 months compared with the reference WHO population; however, neither intakes of BM nor NBM at months 1, 3 and 6 were associated with birth weight. It is critical to note that the WHO standards reflect growth patterns in those who were predominantly breastfed for at least 4 months, whereas infants in our study group received a significant amount of oral water other than BM much earlier. A higher intake of BM was related to higher WAZ and WHZ until 3 months of age, however, beyond 3 months, growth was primarily driven by CF, and infants with higher intakes of NBM water showed higher WAZ and HAZ. The relation of NBM with WAZ and HAZ later may be primarily because BM intakes were inadequate, and that infants who received adequate amounts of hygienically prepared CF, without accompanying morbidity, showed a greater improvement in growth parameters. However, lack of EBF during the first 6 months of life and inappropriate CF have been reported to be important risk factors for infant and childhood morbidity and mortality (World Health Organization/UNICEF, 2003) . It is also possible that morbidity associated with CF may be higher in lower socioeconomic groups. In addition, the introduction of NBM water in very early postnatal life has not been shown to confer any additional benefits on infant growth (Cohen et al., 1994) .
To our knowledge, this study is the first of its kind from India using the accurate and objective deuterium dilution technique to assess BM and NBM water intakes among infants and thereby capture home-based compliance to EBF. The limitation of the present study is its small sample size. In addition, we do not have any qualitative research that might provide an in-depth understanding of the psychosocial and biological factors behind the reasons stated by the mothers for the early introduction of CF. In conclusion, this study has demonstrated low BM intakes and early introduction of CF among infants born to mothers in a baby-friendly hospital in South India. Further research is warranted to understand barriers to EBF and to study the short-and long-term outcomes of infant feeding practices, particularly in terms of body composition of the infant.
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